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Introduction. 
Andreev states. Examples. 
Geometrical and Andreev quantization. 
Influence of boundary conditions.

Quantization rules for Andreev states on closed trajectories. 

1D Andreev states in a quantum box. Mesoscopic oscillations 
of spectrum and Josephson current. 

Vortex in a mesoscopic cylinder. Spectrum oscillations. 
Density of states.
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Quasiparticle bound states: examples.Quasiparticle bound states: examples.
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Subgap spectrum in a superconducting constriction

Localized states

Quantization of Quantization of 
critical currentcritical current
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Contacts with and without barriers:



Geometrical and Geometrical and AndreevAndreev quantization: examplesquantization: examples
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(ii) Vortex in S disc:(ii) Vortex in S disc:
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Confinement of Confinement of AndreevAndreev states: role of interferencestates: role of interference
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Resonance,  kFL0=πn : 
Levels do not feel the box 
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Off-resonance, sin(kFL0) ~ 1
Levels do feel the box 

boundaries
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Quantization rules on closed Quantization rules on closed quasiclassicalquasiclassical trajectoriestrajectories

Open trajectory

Closed 
trajectory

s – coordinate along the 
trajectory

Trajectory length = L

Fk
Quasiclassical wave function:

Quasiclassical theory 
of superconductors

Quantum mechanics 
along beams S∇

FkS =∇ ||

Normal-state 
eikonal
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Single-valued wave function

Condition for a general closed trajectory:



Equivalent 1D problem in a periodic gap potentialEquivalent 1D problem in a periodic gap potential
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States above the gap: States above the gap: TomashTomash oscillationsoscillations
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SubSub--gap states: tightgap states: tight--binding approximationbinding approximation
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Possible experimental realizations



Mesoscopic oscillations of spectrum and Josephson current. 

Spectrum of bound states for d<<ξ : ( )[ ]2sin1 22
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Contribution to supercurrent:

Spectrum for
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Vortex in a mesoscopic cylinder.

R~ several coherence 
lengths
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Model:  Bogolubov – de Gennes equations
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Boundary conditions at the cylinder surface



Spectrum oscillations

( ))(2cosh
)22cos()( 0

RK
Rkk r

r Λ
+−∆

+−=
ππµ

µωε

CdGM spectrum

Simple approximation: ( ) 0ωω
r

F
r k

kk ≈
FE

2
0

0 ~ ∆ω

( )
r

F

k
RkRK

0ξ
≈ 1~Λ



5.3=ξR 0.4=ξR

01.00 =∆ FE( )
22

0||
vr

rr
ξ+

∆
=∆

0ξξ =v
ExampleExample

Critical radius
0

0
0 ln~

ω
ξ ∆

cR

c

F
r R

Rkk ≈*
DOS 

contribution
DOS 

contribution1ν
2ν



Density of states.

Period of oscillations = ( )*
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CONCLUSIONS

Giant mesoscopic oscillations of Andreev levels
Vortices:

•Modified DOS
•Zero modes

Supercurrent:
•Mesoscopic oscillations
•Increased number of conducting modes


